Introduction
A higher proportion of paediatric interstitial lung diseases can be diagnosed with high-resolution computed tomography (HRCT) scan than plain radiography, with the diagnosis being made with more confidence and higher accuracy. 1 HRCT is probably easier to interpret in the child than in the adult. There is less pressure to reach a definitive diagnosis from the HRCT alone, because many entities resulting in diffuse lung disease are rare in childhood and do not require consideration. In addition, endstage fibrosis, which has nonspecific appearances, is rare. Lastly, infection is the most likely cause of most positive studies. 2, 3 (i) When the patient is symptomatic but the chest X-ray (CXR) is normal; (ii) to confirm an interstitial pattern seen on CXR; (iii) to determine the severity of disease; (iv) to look for bronchiectasis; (v) to look for predisposing factors; (vi) to identify the main abnormality and possibly come close to a diagnosis; (vii) to look for sequelae of infection; and (viii) to show a site for biopsy. LIP = lymphoid interstitial pneumonitis; LCH = Langerhans cell histiocytosis; BO = bronchiolitis obliterans; AVM = arteriovenous malformation; BOOP/ COP = bronchiolitis obliterans organising pneumonia / cryptogenic organising pneumonia; TPN = total parenteral nutrition nodules is in pulmonary oedema where they tend to coalesce and form areas of consolidation. True interstitial nodules are 'well-defined' and are well represented by military tuberculosis (TB) (Fig. 1a and b) . Even though there are innumerable nodules, they remain discreet and 'can be picked off the page individually with tweezers' . Nodules of varying sizes, which are randomly distributed, especially in the periphery and usually affect both lungs, are characteristic of metastatic disease (Fig.  2a) . A special type of nodule is the centrilobular opacity (CLO). These are about 5 mm in size and are seen within the secondary lobule as nodules, branching 'Y' structures or 'trees in bud' (Fig. 2b) . They represent material within the central bronchiole of the secondary lobule. 3, 4 Ground glass opacification (GG) and consolidation GG is an increased density of the lung where the vascular and bronchial markings are still visible. There may be air bronchograms. Causes include filling of air spaces, thickening of the interstitium, partial collapse of alveoli, expiration in a normal individual or increased capillary volume. GG is seen regularly with infections and is an important but nonspecific HRCT feature of the chronic diffuse interstitial pneumonitides (Table II) (Fig. 3) . GG surrounding a nodule results in the 'halo sign' , often seen in fungal disease ( Fig. 4a and b) . 4 Consolidation is caused by filling of the alveoli with fluid or cells or both and differs from GG in that the increased density obscures vascular markings and is usually accompanied by air bronchograms (Figs 5 and 6). Tip: Focal GG is usually due to air space disease or a vasculitis and diffuse GG is usually representative of an interstitial process.
When to perform a HRCT (indications are similar to those in adults)

How to approach HRCT
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Tip: GG can cause a 'mosaic pattern' on HRCT and requires an expiratory scan to distinguish it from air-trapping.
Mosaic pattern and air-trapping (Table III) 'Mosaic pattern' is a geographic pattern of varying lung density. It reflects either focal areas of air-trapping (a sign of small airways disease) (Fig. 7a) but is also associated with focal areas of GG (Fig. 7b) . The two entities can be differentiated by an expiratory HRCT in which the low-density areas become more exaggerated and vessel calibre decreases if the mosaic pattern is due to air-trapping. Mosaic perfusion is seen with bronchiolitis obliterans and bronchiectasis.
Generalised air-trapping may be due to partial or complete airway obstruction or local abnormality in pulmonary compliance. Measuring the Hounsfield density of the lung can assess this. Normal lung measures -600 to -750 HU while air-trapping results in density measurements of -900 HU. It can also be assessed with an expiratory view, which in small children is obtained by a decubitus view of the 'sidedown' hemithorax (Fig. 8) . 3, 4 
Septal lines
This is abnormal widening of the interlobular septa and can either be seen as linear densities perpendicular to and touching the pleura (equivalent to Kerley B lines) or as a polygonal pattern outlining the secondary lobule more centrally ( Fig. 9a and  b) . 4 These are often seen with lymphatic involvement in diseases such as lymphangiomatosis and lymphangitic spread of malignancy. 5 The polygonal pattern of linear densities on a background of GG results in the 'crazy paving' pattern best known to occur in alveolar proteinosis. 4 Lines may be smooth or irregular helping to differentiate some of the causes of this feature (Table  IV) .
Parenchymal bands / architectural distortion / honeycombing
These findings all represent some form of chronic involvement and scarring / fibrosis of the lung. Parenchymal bands are longer than septal lines measuring between 2 and 5 cm ( Fig. 10 ) and are often associated with a pleural 'tag' . They can occur with fibrosis and scarring or atelectasis associated with fibrosis and are most often seen in children with bronchopulmonary dysplasia (chronic lung disease). Architectural distortion indicates displaced bronchi, vessels and or fissures and is usually associated with decreased vascularity and bronchial abnormalities (Fig. 11a ). Honeycombing is rare in children and represents destroyed lung that becomes cystic and fibrotic (Fig.  11b) . HRCT shows air-filled cysts that tend to occur in a subpleural distribution over several layers and are unaffected by expiration. This is seen in children with chronic diffuse idiopathic pneumonitides and connective tissue diseases. 
PICTORIAL ESSAY
Bronchiectasis
Bronchiectasis can either be a diagnosis or a feature of another disease. It indicates irreversible dilation of a bronchus and the signature feature is the 'signet ring sign' (Fig. 12 a and b) . This represents a thickwalled bronchus, which is larger than the adjacent pulmonary artery. 4, 6 Other indicators of bronchiectasis include non-tapering of a bronchus, bronchial wall thickening (Fig. 12b ) (more than a fine 'pencil-thin' line) and visualisation of a bronchus within 1 cm of the periphery (including the fissures). 7 Associated with bronchiectasis are atelectasis, mosaic pattern and CLOs. 8 Airfluid levels may also be present within dilated bronchi. The causes of bronchiectasis are many but are most commonly associated with previous, current or recurrent infection, cystic fibrosis and aspiration (Table V) .
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Air-filled cysts
These are usually thin-walled and contain air. They may be oval with smooth walls as in tuberous sclerosis or have irregular margins as in Langerhans cell histiocytosis (Fig. 13) . The causes of air-filled cysts in children are listed in Table VI .
Specific diseases seen in children on HRCT
The range of diseases in children differs from adults (Table VII) 1,5 and the reported accuracy for a confident first choice diagnosis on HRCT varies from 56% to 61%. 2, 5 The diseases diagnosed with the highest degree of confidence in children include alveolar proteinosis, pulmonary lymphangiectasia and idiopathic pulmonary haemosiderosis. 1, 2 We will describe the HRCT appearances of the acute infective causes of diffuse lung diseases and diseases affecting the airways that involve the interstitium, because these occur most commonly in our practice. We will also review the appearances of those conditions characterised by nodules and septa that are seen less often in paediatric practice.
Infections
Infection -tuberculosis
Miliary nodules are common but not always present, measure 2 -3 mm and remain discreet (Figs 1a and b, and 14) . Bronchogenic spread of TB may result in larger nodules that may confluence. Both GG and consolidation are regular features of primary TB. CLOs, bronchiectasis and air trapping also occur. In addition, the important characteristic association is hilar and mediastinal lymphadenopathy which are the fingerprint of primary TB. 
Infection -AIDS: LIP (lymphoid interstitial pneumonitis)
LIP is an AIDS-defining feature in children < 13 years of age. Between 30% and 40% of children with AIDS have LIP. HRCT features involve septal lines and nodules (CLOs and subpleural) (Fig. 15) . GG, cysts and bronchiectasis are common associations. Hilar lymphadenopathy and thymic cysts may or may not be present. Effusions are not a feature. 
Infection -AIDS: Pneumocystis carinii
This begins as a patchy airspace or GG appearance and progresses to a more homogeneous GG or airspace process that involves both lungs. In addition there are septa and cysts. Effusions are not a feature and there is a notable absence of nodules and lymphadenopathy. 
Infection -invasive aspergillosis
This occurs in immunocompromised patients. The most characteristic features are nodules with a 'halo' sign that may cavitate (50%) (Figs 4 and 16) and result in the 'air crescent' sign as air collects between normal and infected lung. More widespread GG or airspace disease is also noted. 3 Bone marrow transplant children may require a HRCT to exclude this disease process.
Airways (Table VIII)
Airways -cystic fibrosis
HRCT is performed to document the presence and extent of disease. The hallmark is widespread bronchiectasis involving the upper zones (Fig. 12b) . Associated features such as peribronchial thickening, CLOs, larger mucoid impactions and mosaic pattern are common. syndrome (situs inversus, sinusistis and bronchiectasis). Features cannot be differentiated from cystic fibrosis but there is a predilection for the right middle lobe. 
Airways -allergic bronchopulmonary aspergillosis
This is a hypersensitivity reaction to endobronchial growth of Aspergillus fumigatus and results in asthma. The main feature is central bronchiectasis, which in a patient with asthma, clinches the diagnosis. 
Airways -Swyer-James / Macleod's syndrome
This is a post-infectious bronchiolitis and signs include a unilateral lucent lung with air-trapping. In reality on HRCT 50% of these patients have bilateral disease with the most affected lung showing low density, mosaic pattern and bronchiectasis, and the less affected lung showing patchy air-trapping.
3,8
Airways -bronchiolitis obliterans / constrictive bronchiolitis
As expected for diseases of the airways the predominant HRCT findings are bronchial wall thickening and bronchiectasis with the associated mucoid impaction and CLOs and resultant mosaic pattern of air-trapping. 3, 4, 8 The causes of bronchiolitis obliterans are listed below (Table IX) . Bronchocentric granulomatosis has the above features but also shows septal thickening. 
Airways -BOOP (bronchiolitis obliterans organising pneumonia) and COP (cryptogenic organising pneumonia)
This is rare in children but is characterised by patchy consolidation or a GG pattern (Fig. 17a and b) . Bronchial wall thickening and bronchiectasis are also features (Fig. 17c) . Nodules and septa may be seen. Small effusions may also be present. 6, 8 The causes of BOOP are listed in Table IX .
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Interstitial disease: nodules and lines
Nodules and lines -bronchopulmonary dysplasia / chronic lung disease
This occurs as a result of the treatment of premature lungs. Early appearances are characterised by septa, parenchymal bands and cystic spaces forming a 'cobblestone' pattern. Later in life a mosaic pattern and architectural distortion are present and even later there is associated bronchiolitis obliterans and traction bronchiectasis.
Nodules and lines -Langerhans cell histiocytosis
The predominant features are nodules that cavitate and become cysts. These then become thin-walled and fuse. This results in an irregular cystic appearance and is often complicated by a pneumothorax (Fig.  18) . Early on in the disease, the costophrenic angles are spared. 2, 3, 5 The other causes of air-filled cysts in the lungs are listed below (Table VI) .
Nodules and lines -alveolar proteinosis
This is characterised by septa on a background of GG resulting in an easily recognisable geographic 'crazy paving' sign ( Fig. 19a and b) .
2,3
Nodules and lines -lymphangiectasia (Noonan's) / lymphangiomatosis
Here HRCT shows septal thickening and GG often associated with effusions ( Fig. 20a and b) . 2, 3, 5 Nodules and lines -lymphangitis carcinomatosa This is a rare finding in children but can occur with lymphoma, neuroblastoma, sarcomas and thyroid malignancy. The main feature is septa accompanied by fissural and bronchovascular bundle thickening ( Fig. 21a and b) . It differs from sarcoid where the fissures are beaded with nodules. 3 
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Nodules and lines -extrinsic allergic alveolitis / hypersensitivity pneumonitis
Patchy or diffuse GG, mosaic pattern and CLOs are the prominent HRCT features. 2, 3, 5 Nodules and lines -pulmonary haemorrhage / idiopathic pulmonary haemosiderosis Acute haemorrhage appears either as GG or denser consolidation and is usually bilateral on HRCT (Fig. 22 a -c) . 3, 10 More chronic haemorrhage results in nodules (CLOs and other) and septa. 2, 10 The causes of pulmonary haemorrhage in children are listed below (Table X) .
Nodules and lines -sarcoid
The nodules in sarcoid are described as 'beeding' the fissures, bronchovascular bundles and pleura (Fig. 23) . Larger dense nodules may represent confluent areas of GG or consolidation, which may cavitate. Lymphadenopathy is a major feature. 
Nodules and lines -systemic sclerosis (vasculitis)
Even though vasculitides are rare in children, systemic sclerosis may result in lung changes on HRCT in childhood. The HRCT features are a GG pattern with subpleural nodules that may progress to supleural cysts and honeycombing. Septa are not a feature.
2,3
Drug-related toxicity and injury
Chemotherapy and other insults to the lung may result in airspace and interstitial disease, which may range from GG to septal lines and nodules to endstage fibrosis (Fig. 24) .
Endobronchial papillomatosis
Endobronchial papillomas cause obstruction with bronchial wall thickening and dilation (Fig. 25) .
Idiopathic / chronic interstitial pneumonitides and idiopathic pulmonary fibrosis
These diseases are rare in children and are distinguished only after biopsy. HRCT is less accurate in the diagnosis. 1 They are predominated on HRCT by GG (Fig. 26 ) that progresses to pulmonary fibrosis (IPF). In children the diagnoses of DIP (desquamative interstitial pneumonitits) and UIP (usual interstitial pneumonitis) should not be listed in the differential diag-
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SA JOURNAL OF RADIOLOGY • December 2005 noses. Instead NSIP (non-specific interstitial pneumonitis) and AIP (acute interstitial pneumonitis) may be added to a differential diagnosis. 2, 3, 8 The end result of these is pulmonary fibrosis that is characterised on HRCT by cysts, honeycombing, parenchymal bands and traction bronchiectasis.
Recommended techniques for HRCT in children 2, 3, 5 The aim is to produce images of high spatial resolution with no motion artefact using the least amount of radiation possible. Diffuse disease allows for large interslice imaging. Current multi-detector CT allows the acquisition of a volume of contiguous data and allows reconstruction of this data on a high-frequency algorithm in fine slices, thereby yielding both contiguous thicker-slice CT scans and high-resolution CT scans in one event. m mA As s: : 40 -80 (Tip: reduces radiation by up to 80%) k kV V: : 120 (Tip: an increase from 120 to 140 kV increases the dose by 40%) Slice thickness: 1-2 mm (multidetector = 1.25) (Tip: thicker slice = less motion artefact) S Sl li ic ce e s sp pa ac ci in ng g: : > 10 years = 10 mm, 2 -10 years = 7 mm, < 2 years = 5 mm (irrelevant for MDCT) F FO OV V: : small as possible, < 25cm (Tip: small FOV = higher resolution) S Sc ca an n t ti im me e: : shortest possible, e.g. 1-2 s (Tip: shorter time = less motion) R Re ec co on ns st tr ru uc ct ti io on n: : High frequency, e.g. bone or lung (Tip: increases edge and detail) I In ns sp pi ir ra at to or ry y: : quiet respiration represents inspiration in children E Ex xp pi ir ra at to or ry y: : use decubitus side down (Tip: flat, half or sliver moon trachea = expiration) P Po os si it ti io on n: : only rarely require prone position in children V Vi ie ew wi in ng g: : lung window, width 1 500 HU and level -500 HU
